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Description 

[0001] The invention relates to a radiocommunication 
system employing an orthogonal frequency division 
multiplexing technique, and more specifically to an or- 
thogonal frequency division multiplexing transmission 
system suitable for use with a mobile communication 
system and a transmitter and a receiver therefor. 
[0002] In recent years, digital modulation systems 
have been developed actively in the field of audio and 
video transmission. In digital terrestrial broadcasting, at- 
tention is paid, among others, to orthogonal frequency 
division multiplexing (hereinafter abbreviated to OFDM) 
modulation systems which are robust to multipath inter- 
ference and have a high frequency usage rate. In the 
OFDM modulation system, a large number of carriers 
(several hundreds to several thousands) which are or- 
thogonal to one another are each modulated with digital 
data to be transmitted. 

[0003] With digital audio broadcasting using the 
OFDM modulation, each carrier is modulated by the dif- 
ferential QPSK method. In the differential QPSK meth- 
od, data is made for transmission to correspond to a 
phase difference between symbols. At the receiving 
end, data can be demodulated by the (differential detec- 
tion). Thus, there is an advantage that a demodulator 
used is simple in construction as compared that for the 
coherent detection system. 

[0004] In addition, the differential QPSK method is al- 
so suitable for a mobile communication system. In a mo- 
bile-communication receiver, variations in envelope and 
phase of the received signal will occur due to fading 
channels. In the differential QPSK system, however, 
since data is demodulated from a phase difference be- 
tween symbols, stable data reception can be achieved 
without being affected by variations in the received sig- 
nal due to fading. 

[0005] On the other hand, the use of the OFDM mod- 
ulation system for digital television broadcasting needs 
a high transmission rate. In order to increase the trans- 
mission rate, it is required to use a multi-valued modu- 
lation method for each carrier. With digital television 
broadcasting using the OFDM modulation system, a 
multi-valued QAM method is used as a modulation 
method for each carrier. With the multi-valued QAM sys- 
tem, however, unlike the above-described differential 
QPSK method, it is impossible to transmit data in the 
form of a phase difference between symbols and, at the 
receiving end, to demodulate data by the differential de- 
tection. In order to demodulate multi-valued QAM de- 
modulated signals, it is required to seek the amplitude 
and phase of each carrier at the receiving end. 
[0006] For the multi-valued QAM system, therefore, a 
method has been proposed by which, at the transmitting 
end, reference symbols whose amplitude and phase are 
already known is transmitted periodically and, at the re- 
ceiving end, the reference symbol are used as the ref- 
erence amplitude and phase in demodulating multi-val- 



ued QAM symbols. 

[0007] However, the conventional OFDM transmis- 
sion system described above has a problem that the 
transmission of reference data decreases the data 
5 transmission efficiency. One document disclosing such 
a prior art is WO95/07581 . 

[0008] It is accordingly an object of the invention to 
provide an orthogonal frequency division multiplexing 
transmission system, suitable for a mobile communica- 
te tion system and the like, which permits multi-valued 
modulated symbols to be demodulated successfully at 
the receiving end even in fading environments and per- 
mits the amount of transmit reference data to be re- 
duced for increasing data transmission efficiency and a 
15 transmitter and a receiver therefor. 

[0009] To achieve the object, an orthogonal frequency 
division multiplexing transmission system of the inven- 
tion is characterized in that, at the transmitting end, a 
transmission frame is configured such that a plurality of 
20 slots are arranged two-dimension ally along time and fre- 
quency axes, reference symbols are inserted into pre- 
determined restricted slots in the transmission frame, 
and PSK information symbols subjected to at least PSK 
modulation and information symbols subjected to digital 
25 modulation with a higher multi-value level than said PSK 
modulation are inserted into the other slots in a selected 
positional relation with respect to each other, and, at the 
receiving end, variations in amplitude and phase of a 
received signal are detected from the PSK information 
30 symbols in the transmission frame, the reference sym- 
bols in the transmission frame are corrected according 
to the detected variations in amplitude and phase of the 
received signal, and the information symbols received 
are demodulated according to the corrected reference 
35 symbols. 

[0010] The orthogonal frequency division multiplexing 
transmission system of the invention is further charac- 
terized by the use of the following systems for transmit- 
ting the PSK information symbols. 
40 [0011] According to a first transmission system, the 
PSK information symbols are inserted into predeter- 
mined slots of the transmission frame which are equally 
spaced in time and frequency. 

[0012] In a second transmission system, the PSK in- 
45 formation symbols are inserted into slots which are 
equally spaced along the time axis but are varied with 
time along the frequency axis. 

[0013] In a third transmission system, the PSK infor- 
mation symbols are inserted into slots which are equally 
50 spaced along the frequency axis but are varied with fre- 
quency along the time axis. 

[0014] In a fourth transmission system, the PSK infor- 
mation symbols are transmitted continuously in time at 
predetermined frequencies. 
55 [0015] In a fifth transmission system, the PSK infor- 
mation symbols are subjected to differential coding us- 
ing the reference symbols as the basis for the differential 
coding. 
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[0016] In a transmitter of the invention, multiplexing 
means configures a transmission frame in which a plu- 
rality of slots are arranged two-dimensionally along time 
and frequency axes. Reference symbols are Inserted in- 
to restricted slots in the transmission frame. PSK infor- 
mation symbols subjected to PSK modulation and infor- 
mation symbols subjected to digital modulation with a 
higher multi-value level than said PSK modulation are 
inserted into the other slots in a predetermined position- 
al relation with respect to each other. The reference 
symbols, the PSK information symbols and the informa- 
tion symbols are multiplexed together in this manner, 
thereby forming the transmission frame. The transmis- 
sion frame is subjected to orthogonal frequency division 
multiplexing modulation by orthogonal frequency divi- 
sion multiplexing modulation means, then subjected to 
quadrature modulation for transmission. 
[0017] The transmitter further comprises differential 
coding means between the multiplexing means and the 
orthogonal frequency division multiplexing modulation 
means, which differentially coding the PSK information 
symbols in the transmission frame. 
[0018] A receiver of the invention includes error de- 
tecting means for detecting amplitude and phase errors 
of the carriers from the reference symbols In an orthog- 
onal frequency division multiplexing demodulated sig- 
nal, variation detecting means for detecting variations 
in amplitude and phase of a received signal from the 
PSK symbols in the demodulated signal, correcting in- 
formation producing means responsive to the error de- 
tecting means and the variation detecting means for pro- 
ducing correcting information, and equalizing means for 
equalizing the amplitude and phase of the information 
symbols in the demodulated signal according to the cor- 
recting information. 

[0019] In the receiver of the invention, the variation 
detecting means further includes means for detecting 
amplitude and phase variations of the received signal 
from the PSK information symbols in the demodulated 
signal and interpolation means responsive to the detect- 
ing means for interpolating amplitude and phase varia- 
tions in the region into which only the information sym- 
bols other than the PSK information symbols are insert- 
ed. 

[0020] The receiver of the invention further includes 
frequency control means for controlling the frequency of 
a regenerative carrier used for quadrature demodula- 
tion. In this frequency control means, the phase varia- 
tions detected by the variation detecting means are av- 
eraged to produce a frequency control signal, which is 
applied to the quadrature demodulation means to con- 
trol the frequency of the regenerative carrier. 
[0021] Moreover, a receiver of the invention, for use 
with a transmission system for transmitting a transmis- 
sion frame in which a plurality of PSK information sym- 
bols are inserted intermittently into an information sym- 
bol inserting region and the PSK information symbols 
are subjected to differential coding from a transmitter to 



the receiver in the form of an orthogonal frequency di- 
vision multiplexing modulated signal, comprises receiv- 
ing means for receiving and quadrature demodulating 
the orthogonal frequency division multiplexing modulat- 

5 ed signal, orthogonal frequency division multiplexing 
demodulation means for orthogonal frequency division 
multiplexing demodulating a quadrature demodulated 
signal output from the receiving means, and differential 
detection means for demodulating the PSK information 

10 symbols in the demodulated signal output from the or- 
thogonal frequency division multiplexing demodulation 
means by means of differential detection. 
[0022] The receiver further comprises frequency var- 
iation detecting means for detecting variations in fre- 

^5 quency of a received signal from the PSK information 
symbols demodulated by the differential detecting 
means and frequency control means for averaging fre- 
quency variations detected by the frequency variation 
detecting means to produce a frequency control signal, 

20 which is applied to quadrature demodulation means of 
the receiving means to control the frequency of a regen- 
erative carrier. 

[0023] According to the above-described orthogonal 
frequency division multiplexing transmission system of 

25 the invention, at the receiving end, variations in ampli- 
tude and phase of a received signal are detected from 
the PSK information symbols, amplitude and phase er- 
rors of carriers detected from the reference symbols are 
corrected accordingly, and demodulated symbol data is 

30 equalized according to the corrected amplitude and 
phase errors. Therefore, amplitude and phase varia- 
tions of the demodulated symbols due to fading can be 
equalized surely to reproduce the information symbols 
correctly without inserting any reference symbols into 

35 the information symbol region of the transmission frame. 
This permits all the information symbol region of the 
transmission frame to be used for information transmis- 
sion, thereby increasing the information transmission ef- 
ficiency. 

40 [0024] The use of the system of the invention allows 
high-quality, high -efficiency information transmission to 
be implemented even in the case of use of fading chan- 
nels as in mobile communication systems. 
[0025] If, in transmitting the PSK information symbols 

45 and the information symbols, the PSK information sym- 
bols are inserted into predetermined slots which are 
equally spaced in time and space, then multiplexing 
control of the PSK information symbols will be per- 
formed easily. 

50 [0026] If the PSK information symbols are inserted in- 
to slots which are equally spaced along the time axis but 
are varied with time along the frequency axis, then the 
PSK information symbols will be transmitted in all the 
carriers although the number of PSK information sym- 

55 bols per carrier is decreased. Thus, variations in a chan- 
nel can be detected effectively in the case where the 
variations are small in time but large in frequency. 
[0027] In contrast, if the PSK information symbols are 
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transmitted inserted into slots wliich are equally spaced 
along the frequency axis but are varied with frequency 
along the time axis, then the PSK information symbols 
are transmitted in all the time slots although the number 
of PSK information symbols per time slot are decreased. 5 
Thus, variations in a channel can be effectively in the 
case where the variations are small in frequency but 
large in time. 

[0028] If the PSK information symbols are transmitted 
continuously in time in a predetermined time slot, then io 
changes of the PSK information symbols with time at 
the receiving end can be detected continuously at a pre- 
determined carrier. For this reason, variations in a chan- 
nel can be detected correctly as compared with the case 
where the PSK information symbols are transmitted in- 15 
termittently at all the carriers. If there is a phase error of 
a regenerative carrier at the receiving end, a phase ro- 
tation will occur in the demodulated output when viewed 
at a fixed carrier along the time axis. Thus, by transmit- 
ting the PSK information symbols by a predetermined 20 
carrier continuously, the frequency error of the regener- 
ative carrier can be detected more correctly. 
[0029] By transmitting the PSK information symbols 
in differential coded form using the reference symbols 
as the reference for differential coding, a differential de- 25 
tector can be used at the receiving end to demodulate 
the PSK information symbols. This allows the receiver 
to be simple in construction. The differential PSK system 
is robust to fading, allowing stabler data demodulation 
at the receiving end. 30 
[0030] According to the above-described transmitter 
of the invention, the multiplexing means can be used to 
form and transmit an OFDM frame in which reference 
symbols and information symbols including at least PSK 
symbols are placed properly in the slots. 35 
[0031] In addition, the differential coding of the PSK 
symbols permits the symbols to be demodulated by 
means of differential detection. Thus, the receiver can 
be made simple in construction. 

[0032] Moreover, according to the above-described 40 
receiver of the invention, variations in amplitude and 
phase of a received signal are detected from the PSK 
symbols inserted into the information symbol region of 
the received transmission frame, amplitude and phase 
errors of each carrier detected from the reference sym- 45 
bols are corrected according to the detected variations 
in amplitude and phase, and then the demodulated sym- 
bols are equalized. For this reason, amplitude and 
phase variations due to fading can be corrected accu- 
rately even if a large number of reference symbols are 50 
not inserted into the transmission frame. 
[0033] Furthermore, according to the receiver of the 
invention, variations in amplitude and phase of a re- 
ceived signal are detected from the PSK symbols insert- 
ed intermittently into a demodulated signal, and varia- 55 
tions in amplitude and phase in the regions in the de- 
modulated signal into which information symbols other 
than the PSK symbols are inserted are interpolated ac- 
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cording to the detected variations in amplitude and 
phase. The information symbols are equalized accord- 
ing to the interpolated variations in amplitude and 
phase. Thus, optimum equalization is permitted for each 

of the information symbols. 

[0034] In addition, according to the receiver of the in- 
vention, variations in phase or frequency are detected 
from the demodulated PSK symbols and the detected 
values are averaged to control the frequency of a regen- 
erative carrier used in the quadrature demodulation 
means. This permits more accurate frequency synchro- 
nization of the regenerative carrier to be achieved. 
[0035] This invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a diagram for use in explanation of a con- 
ventional OFDM system; 

FIG. 2 shows a transmission frame format illustrat- 
ing an OFDM transmission system according to a 
first embodiment of the invention; 
FIG. 3 is a block diagram of a transmitter adapted 
for the OFDM transmission system according to the 
first embodiment of the invention; 
FIG. 4 is a block diagram of a receiver adapted for 
the OFDM transmission system according to the 
first embodiment of the invention; 
FIG. 5 shows in block diagram form the entire con- 
figuration of the transmission and reception system 
based on the OFDM transmission system of the in- 
vention; 

FIG. 6 shows a transmission frame format illustrat- 
ing an OFDM transmission system according to a 
second embodiment of the invention; 
FIG. 7 shows a transmission frame format illustrat- 
ing the OFDM transmission system according to the 
second embodiment of the invention; 
FIG. 8 is a block diagram of a transmitter adapted 
for an OFDM transmission system according to a 
third embodiment of the invention; 
FIG. 9 is a block diagram of a receiver adapted for 
the OFDM transmission system according to the 
third embodiment of the invention; 
FIG. 1 0 is a block diagram of a receiver adapted for 
an OFDM transmission system according to a fourth 
embodiment of the invention; 
FIG. 11 is a block diagram of a receiver adapted for 
an OFDM transmission system according to a fifth 
embodiment of the invention; 
FIG. 1 2 shows a transmission frame format illustrat- 
ing an OFDM transmission system according to still 
another embodiment of the invention; 
FIG. 1 3 shows a transmission frame format illustrat- 
ing an OFDM transmission system according to a 
further embodiment of the invention; 
FIG. 1 4 shows a transmission frame format illustrat- 
ing an OFDM transmission system according to a 
still further embodiment of the invention; 
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FIG. 1 5 shows a transmission frame format illustrat- 
ing an OFDM transmission system according to an- 
other embodiment of the invention; and 
FIG. 1 6 shows a transmission frame format illustrat- 
ing an OFDM transmission system according to a 
further embodiment of the invention. 

[0036] Referring now to FIG. 1 , there is shown an ex- 
ample of a conventional OFDM transmission system, 
which is described in "Study of Modulation Method for 
Terrestrial Digital Broadcasting Using Multi-Valued 
OFDM" (the Journal of the Institute of Television Engi- 
neering, Japan, vol. 47, No. 10, pp 1374-1382, 1993). 
In this example, the number of carriers in one OFDM 
symbol is 448, and for each OFDM symbol one eighth 
of 448 pieces of data are reference data whose ampli- 
tude and phase are already known. Effective data other 
than the reference data is transmitted as 16QAM sym- 
bols. Since the position of carriers to transmit reference 
data is shifted for each OFDM symbol, one carrier will 
transmit the reference data every eight symbols. 
[0037] Thus, a transmission frame is constructed from 
a plurality of OFDM symbols and reference data are 
placed in predetermined positions in the transmission 
frame for transmission. At the receiving end, frame syn- 
chronization is reestablished to receive the reference 
data and then reference amplitude and phase are ob- 
tained from the reference data to demodulate the 
1 6QAM symbols. 

[0038] The interval at which the reference data is 

transmitted is determined taking into consideration var- 
iations in the received signal due to fading. In the case 
of mobile reception in city areas, a large number of radio 
waves coming from various directions interfere with one 
another and so the envelope and the phase of a re- 
ceived wave will vary randomly. The envelope and the 
phase vary in accordance with the Rayleigh distribution 
and the uniform distribution, respectively. On such a 
Rayleigh channel, received waves vary in time and fre- 
quency but are considered almost constant within a cer- 
tain time interval and a certain frequency range, which 
are referred to as a coherent time and a coherent band- 
width, respectively. 

[0039] In FIG. 1, the interval at which reference data 
is transmitted is required to be much smaller than the 
coherent time of a channel. 

[0040] However, with the OFDM transmission system 
as described above, the transmission of reference data 
reduces the data transmission efficiency decreases. In 
the example of FIG. 1 , each carrier transmits reference 
data every eight symbols. Thus, the transmission effi- 
ciency will be decreased to 7/8. 

[0041] In the present invention, a transmission frame 
is constructed at the transmitting end, such that a plu- 
rality of slots are arranged two-dimensionally along time 
and frequency axes. Reference symbol are placed into 
predetermined slots in this transmission frame. Into the 
other slots in the transmission frame are placed a plu- 



rality of information symbols modulated by multiple dig- 
ital modulation methods including at least PSK modula- 
tion. Specifically, PSK information symbols modulated 
by at least the PSK modulation method and information 
5 symbols modulated by another modulation method (for 
example, QAM modulation) are placed into the other 
slots. 

[0042] At the receiving end, variations in the ampli- 
tude and phase of a received signal are detected from 

10 the PSK information symbol in the transmission frame 
received. The results of this detection processing are 
used to correct the reference symbols in the transmis- 
sion frame. Further, the corrected reference symbol are 
used to demodulate the information symbols. 

f5 [0043] Hereinafter, the preferred embodiments will be 
described more specifically. 

[First Embodiment] 

20 [0044] In FIG. 2, which is a diagram for use in expla- 
nation of an OFDM system according to a first embodi- 
ment of the invention, there is shown a transmission 
frame format in which the number of carriers of an 
OFDM symbol is N (the number of effective carriers is 

25 n) and the number of OFDM symbols in one frame is M. 
In this embodiment, one frame is composed of N x M 
symbol data positions (slots) with N frequency slots ar- 
ranged along the frequency axis and M time slots ar- 
ranged along the time axis. At both ends of the trans- 
it? mission frame along the frequency axis are placed un- 
used regions in which the carrier amplitude is set to zero. 
[0045] In FIG. 2, in the first time slot of the transmis- 
sion frame, an OFDM symbol is transmitted in which all 
the carriers are zero in amplitude. This OFDM symbol 

35 is called a null symbol and used in the receiver as a ref- 
erence symbol for timing synchronization. In the second 
time slot, a reference OFDM symbol is transmitted in 
which the phase and amplitude of each carrier is already 
known. These reference signals are used in the receiver 

40 as a synchronization reference symbol adapted to rec- 
ognize the frame and as demodulation reference signals 
for demodulating the phase and amplitude of each car- 
rier. In the remaining time slots including the third time 
slot, information symbols composed mainly of multi-val- 

45 ued QAM information symbols are transmitted. 

[0046] In and after the third OFDM symbol regions, 
among the multi-valued QAM information symbols 
QPSK information symbols are placed which are regu- 
larly spaced in frequency and time as shown in FIG. 2. 

50 The time spacing and the frequency spacing of the 
QPSK symbols are determined in consideration of the 
coherent time and the coherent bandwidth of a channel. 
[0047] On the other hand, at the receiving end to re- 
ceive the OFDM modulated signal in the above-de- 

55 scribed transmission format, the amplitude and phase 
of each carrier are sought when the reference symbols 
are received and are used as the basis for demodulating 
the information symbols. On a fading channel, however. 
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the amplitude and phase of a received signal vary in time 
and frequency. Thus, the variations in amplitude and 
phase of the received signal are detected through the 
QPSK information symbols periodically contained in the 
information symbols. 

[0048] The QSPK information symbols are constant 
in amplitude and represent four phases at intervals of 
90°. If, therefore, a variation in phase of a received sig- 
nal is within ±45° in the interval at which the QPSK in- 
formation symbols are transmitted, it will be possible to 
detect variations in amplitude and phase. For time slots 
and frequency slots in which no QPSK information sym- 
bol is transmitted, the detected variations in amplitude 
and phase of QPSK information symbols are interpolat- 
ed with respect to time and frequency. The resulting in- 
terpolated information is used as variations for informa- 
tion symbols in portions in which no QPSK information 
symbol is transmitted in FIG. 2. 

[0049] At the receiving end, variations in amplitude 
and phase of a received signal obtained in the above 
manner are used to correct the detected reference sym- 
bol. And information symbols in time - frequency slots 
are demodulated by using the corrected reference sym- 
bols. 

[0050] Next, an OFDM transmitter and an OFDM re- 
ceiver to which the OFDM transmission system de- 
scribed above is applied will be described. 
[0051] In FIG. 3, there is shown, in block diagram 
form, the main portion of the OFDM transmitter. 
[0052] In this figure, 11 denotes a multiplexer (MUX) 
which receives multi-valued QAM information symbols 
and QPSK information symbols as information symbol 
data. 

[0053] Here, the multi-valued QAM information sym- 
bol and the QPSK information symbol to be transmitted 
may be high-level data and low-level data, respectively, 
in hierarchically structured data. For example, high-fre- 
quency component and low-frequency component of an 
image signal are processed as high-level data and low- 
level data, respectively, in hierarchically structured data. 
Moreover, the QAM information symbol and the QPSK 
information symbol may be data of independent types. 
[0054] A null symbol generator 1 2 generates null sym- 
bol data in which each carrier is zero in amplitude, which 
is applied to the multiplexer 1 1 . A reference symbol gen- 
erator 13 generates reference symbol data used as a 
reference for the amplitude and phase of each carrier, 
which is applied to the multiplexer. The multiplexer mul- 
tiplexes the multi-valued QAM information symbols, the 
QPSK information symbols as information symbol data, 
the null symbol data, and the reference symbol data, 
thereby forming a transmission frame as shown in FIG. 
2. The reference symbol data is already known its am- 
plitude and phases. There is a sine-sweep signal as an 
example of the reference symbol data. In the receiving 
side, it is used for demodulation and fine timing synchro- 
nization. 

[0055] When another reference symbol for timing syn- 



chronization is transmitted, QPSK symbols whose 
phases and known and random each other for the ref- 
erence symbol data are used. 

[0056] The multiplexed symbol data output from the 

5 multiplexer 1 1 is applied to an inverse fast discrete Fou- 
rier transformer (IFFT) 14, which performs an IFFT op- 
eration on N items of symbol data to produce a base- 
band OFDM modulated signal. The modulated signal is 
then applied to a guard period adding circuit 15, by 

10 which a latter portion of an OFDM symbol is copied into 
a former portion of that symbol as a guard period in order 
to reduce the effect of multipath interference. Note here 
that one OFDM symbol consists of N carriers. 
[0057] The OFDM modulated signal from the guard 

15 period adding circuit 1 5 is applied to a quadrature mod- 
ulator 1 6 to modulate carriers having a 90-degree phase 
difference. An output signal of the quadrature modulator 
is converted by a digital-to-analog converter (D/A) 17 
into an analog signal, which is then converted by a fre- 

20 quency converter 18 to a given carrier frequency for 
transmission. 

[0058] Reference numeral 1 9 denotes a timing circuit 

which is responsive to a clock signal from a clock gen- 
erator not shown to produce a clock and timing signals 
25 necessary for the above-described circuits to operate 
properly. 

[0059] In such a configuration, one transmission 
frame is produced by the multiplexer 11 in such a way 
that QPSK information symbols are periodically placed 

30 among multi-valued QAM information symbols in the in- 
formation symbol region. This transmission frame is 
OFDM modulated and then up converted to a transmis- 
sion carrier frequency for transmission. 
[0060] In FIG. 4, there is shown in block diagram form 

35 the principal parts of an OFDM receiver. 

[0061] In this figure, a radio modulated signal trans- 
mitted from the transmitter over a radio channel is fre- 
quency-converted by a frequency converter 21 to a giv- 
en intermediate frequency and then converted by an an- 

40 alog-to-digital signal (A/D) 22 into a digital signal, which, 
in turn, is applied to a quadrature detector 23. The quad- 
rature detector 23 detects the OFDM modulated signal 
of the intermediate frequency with a regenerative carrier 
to thereby output the baseband OFDM modulated sig- 

45 nal. 

[0062] An automatic frequency control (AFC) circuit 
25 detects a frequency error of the regenerative carrier 
on the basis of the frequency of the OFDM modulated 
signal from the quadrature detector 23 and produces a 

50 signal used to control the frequency of the regenerative 
carrier. The frequency control signal is fed back to the 
quadrature detector 23 to control the frequency of the 
regeneration carrier produced within the quadrature de- 
tector, thereby achieving carrier synchronization. 

55 [0063] The OFDM modulated signal output from the 
quadrature detector 23 is also applied to a timing regen- 
eration circuit 26, which regenerates timing signals, 
such as a symbol sync signal, a frame sync signal, and 



6 



11 



EP0 734 132 B1 



12 



the like, and a clock on the basis of the reference symbol 
contained in the OFDM modulated signal and supplies 
them to each circuit in the receiver. The timing regener- 
ation circuit 26 generates an FFT window indicating the 
effective symbol portion of the OFDM symbol and then 
supplies it to a fast discrete Fourier transformer (FFT) 
24. 

[0064] The FFT 24 is responsive to the FFT window 
from the timing circuit 26 to perform an FFT operation 
on the effective symbol portion of the OFDM symbol in 
the OFDM modulated signal output from the quadrature 
detector 23. By this FFT operation, complex data is ob- 
tained which represents the amplitude and phase of 
each carrier. 

[0065] The complex data is entered into a memory 27, 
which holds given regions containing QPSK information 
symbols in the information symbol region of the trans- 
mission frame. That is, as will be described later, varia- 
tions in amplitude and phase of a channel are detected 
on the basis of the QPSK information symbols and the 
results of this detection are used to obtain two-dimen- 
sionally interpolated variations for portions in which no 
QPSK information symbol is transmitted. Because of the 
existence of a time to obtain the interpolated variations, 
it is necessary to use the memory 27 for holding data. 
Information symbols read from the memory 27 are en- 
tered into an equalizer 31 for equalization. Since the 
equalizing process needs much time, rate of clock is in- 
creased to up the data processing speed in the equalizer 
31 . So the data read out speed of memory 27 is fast, 
that is, data rate converting is executed. The clock-rate 
of output data from equalizer 31 is high rate, then a 
memory 34 read the data in high speed. The output data 
from the memory 34 is converted the clock-rate to the 
original clock-rate which is input state of memory 27. 
[0066] The complex data output from the FFT 24 is 
also entered into a reference symbol error detector 28. 
In this detector, a comparison is made between a re- 
ceived reference symbol and a comparison reference 
symbol generated by a reference symbol generator 29 
to detect an amplitude error and a phase error of each 
carrier. The amplitude error and the phase error are ap- 
plied to a correction circuit 30 and corrected by varia- 
tions to be described later. The corrected amplitude and 
phase errors are applied to control terminals of the 
equalizer 31 . Note that the reference symbol generator 
29 generates comparison reference symbols which cor- 
respond to n reference symbols transmitted in the sec- 
ond time slot of a transmission frame. 
[0067] The receiver of the present embodiment is 
equipped with a QPSK symbol error detector 32, an in- 
terpolation circuit 33, and the correction circuit 30. The 
QSPK symbol error detector 32 detects offsets of each 
QPSK information symbol contained in symbol data out- 
put from the equalizer 31 from its proper amplitude and 
phase values. The detected values represent variations 
in amplitude and phase of a received signal due to fad- 
ing. 



[0068] The interpolation circuit 33 obtains interpolat- 
ed variations for equalizing information symbols in slots 
in which no QPSK symbol is transmitted within the in- 
formation symbol region held in the memory 27 by the 

5 use of the detected variations from the QPSK symbol 
error detector 32. Thus, variations in amplitude and 
phase from the time of receipt of reference symbols are 
detected for each of the time - frequency slots that are 
held in the memory 27. 

10 [0069] The correction circuit 30 corrects the amplitude 
error signal and the phase error signal obtained by the 
reference symbol error detector 28 using the interpolat- 
ed variations from the interpolation circuit 33. The cor- 
rected amplitude and phase error signals are applied to 

15 the equalizer 31 to equalize the information symbols 
which have been held in the memory 27. 
[0070] The symbol data output from the equalizer 31 
is held in a memory 34 temporarily, the output data from 
the memory 34 is converted lower its speed, then ap- 

20 plied to a demultiplexer 35. The demultiplexer removes 
the null symbols and the reference symbols and outputs 
the multi-valued QAM information symbols and the 
QPSK information symbols separately. 
[0071] In operation, assume here that symbol data of 

25 the first frame are output from the quadrature detector 
23 and the FFT 24. Then, the first data region of the 
symbol data of the first frame is held in the memory 27. 
At this point, the reference symbol error detector 28 
makes a comparison between the received reference 

30 symbols in the demodulated symbol data and the com- 
parison reference symbols to detect an amplitude error 
and a phase error of each carrier. The resulting ampli- 
tude and phase error signals are applied to the equalizer 
31 via the correction circuit 30. In the equalizer, there- 

35 fore, the symbol data in the first data region held in the 
memory 27 are subjected to equalization based on the 
amplitude and phase error signals. 
[0072] When the equalized symbol data are output 
from the equalizer 31 , the QPSK information symbol er- 

40 ror detector 32 detects offsets of the QPSK symbols in 
the symbol data from their proper amplitude and phase 
values. That is, variations in amplitude and phase of the 
received wave due to fading are detected. By using the 
detected variations, the interpolation circuit 33 obtains 

45 interpolated variations for slots in which no QPSK infor- 
mation symbol is transmitted. Thereby, variations in am- 
plitude and phase of symbols from the time of receipt of 
the reference symbols are detected for each of the time 
and frequency slots in the data region held in the mem- 

50 ory 27. 

[0073] When amplitude and phase variations in each 

slot are detected, the correction circuit 30 corrects the 
amplitude error and the phase error of each carrier 
which have been detected by the reference symbol error 
55 detector 28 by the amplitude and phase variations. The 
corrected amplitude and phase error signals are applied 
to the equalizer 31 . Thus, in the equalizer 31 all the slots 
in the first data region held in the memory 27 are sub- 
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jected to equalization based on tine corrected amplitude 
and error signals. 

[0074] The equalized symbol data in the first data re- 
gion are entered via the memory 34 into the demultiplex- 
er 35, where the symbol data are separated into the mul- 
ti-valued QAM information symbols and the QPSK in- 
formation symbols for subsequent application to a suc- 
ceeding signal processing circuit after the null symbols 
and the reference symbols have been removed. 
[0075] After that, the above-described equalization 
process is performed repeatedly each time the next data 
region of demodulated symbol data is held in the mem- 
ory 27. In each of subsequent equalization processes, 
outputs of the correction circuit 30 obtained in the last 
time slot in the equalization process for the previous da- 
ta region are used as its initial values. 
[0076] Therefore, in the receiver thus arranged, vari- 
ations in amplitude and phase of a received wave are 
detected from multiple QPSK information symbols peri- 
odically inserted into the information symbol data region 
of a transmission frame, amplitude and phase errors of 
each carrier detected from reference symbols are cor- 
rected by the detected amplitude and phase variations, 
and waveform equalization is performed on demodulat- 
ed symbol data by the corrected amplitude and phase 
errors. This permits amplitude and phase variations due 
to fading to be corrected without inserting a large 
number of reference symbols into a transmission frame. 
[0077] That is, in the present embodiment, an OFDM 
transmission frame is generated and transmitted such 
that null symbols and reference symbols are placed only 
at the beginning of that frame, and QPSK information 
symbols are placed into the information symbol data re- 
gion at regular intervals in both time and frequency. In 
the receiver, on the other hand, amplitude and phase 
errors of each carrier are detected from the reference 
symbols placed at the beginning of that transmission 
frame, variations in amplitude and phase of a received 
wave are detected from the QPSK information symbols, 
the amplitude and phase errors of each carrier detected 
from the reference symbols are corrected by the detect- 
ed amplitude and phase variations to produce corrected 
amplitude and phase error signals, and demodulated 
symbol data are equalized by the corrected amplitude 
and phase error signals. 

[0078] According to the present embodiment, there- 
fore, without inserting any reference symbol into the in- 
formation symbol data region of a transmission frame, 
variations in amplitude and phase of demodulated sym- 
bol data due to fading can be certainly equalized to re- 
produce information symbol data correctly. That is, mul- 
ti-valued QAM information symbols and QPSK informa- 
tion symbols can be both utilized for information trans- 
mission. 

[0079] The multi-valued QAM information symbol and 
the QPSK information symbol may be transmitted as 

high-level data and low-level data, respectively, of hier- 
archically structured data. Moreover, the QAM informa- 



tion symbol and the QPSK information symbol may be 
data of independent types. 

[0080] Thus, it becomes possible to use all the infor- 
mation symbol data region for Information transmission, 

5 which will result in increased information transmission 
efficiency. That is, high-quality, high-efficiency informa- 
tion transmission can be realized even where fading 
transmission channels are used as in mobile communi- 
cation systems. 

10 [0081] In the transmitter, the QPSK information sym- 
bols are inserted at regular intervals for transmission 
and, in the receiver, amplitude and phase variations de- 
tected by the QPSK information symbols are used to in- 
terpolate amplitude and phase variations of the multi- 

15 valued QAM information symbols. For this reason, it be- 
comes possible to perform optimum equalization on 
each of the information symbols. In addition, high-rate 
transmission characteristics based on the multi-valued 
QAM system can be maintained. 

20 [0082] FIG. 5 shows collectively the principal parts of 
the receiver and the transmitter described above. 
[0083] A multiplexer section 1 01 forms a transmission 
frame in which a plurality of slots are arranged two-di- 
mensionally along the the time and frequency axes, in- 

25 serts reference symbols into restricted slots in the trans- 
mission frame, and inserts PSK information symbols 
subjected to PSK modulation and information symbols 
subjected to other digital modulation than the PSK mod- 
ulation into the other slots in the transmission frame in 

30 a predetermined positional relation with respect to each 
other, whereby the reference symbols, the PSK infor- 
mation symbols and the information symbols are multi- 
plexed. A modulation section 1 02 subjects the transmis- 
sion frame to orthogonal frequency division multiplexing 

35 modulation. A transmitting section 103 subjects output 
signals of the modulation section to orthogonal modula- 
tion for transmission. In the receiver, on the other hand, 
a receiving section 111 receives and demodulates the 
orthogonal frequency division multiplexing modulated 

40 signal to obtain orthogonal demodulated signals. A de- 
modulation section 112 subjects the demodulated sig- 
nals from the receiving section to orthogonal frequency 
division multiplexing demodulation to obtain demodulat- 
ed signals. Each symbol in the demodulated signals has 

45 its amplitude and phase equalized in an equalization 
section 113. 

[0084] An error detecting section 114 detects ampli- 
tude and phase errors of carriers on the basis of the ref- 
erence symbols in the demodulated signals output from 

50 the demodulation section 1 1 2. On the other hand, a var- 
iation detecting section 115 detects amplitude and 
phase variations of the received signal on the basis of 
the PSK information symbols in the demodulated sig- 
nals output from the equalizing section 1 1 3. A correction 

55 information producing section 116 produces correction 
information on the basis of the amplitude and phase er- 
rors of the carriers and the amplitude and phase varia- 
tions of the received signal and supplies it to the equal- 
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izing section 113. Good PSK information symbols and 
information symbols subjected to equalization in the 
equalization section 113 are separated by a separation 
section 117. 

[Second Embodiment] 

[0085] The second embodiment is an improvement 
over the first embodiment and subjects QPSK informa- 
tion symbols arranged in the information symbol data 
region with equal spacings in time and frequency to dif- 
ferential coding for transmission. 
[0086] FIGS. 6 and 7 show transmission frame for- 
mats using the OFDM transmission system according 
to the second embodiment. Note that only the effective 
symbol region is shown in these figures. 
[0087] In the OFDM transmission system of FIG. 6, 
reference symbols in the second time slot of the frame 
are utilized as the basis of differential coding. Each 
QPSK information symbol in the information symbol da- 
ta region is sequentially subjected to differential coding 
in the direction indicated by arrows, i.e., along the time 
axis. This transmission system is advantageous where 
variations in a channel with time are small. 
[0088] On the other hand, in the OFDM transmission 
system of FIG. 7, a reference symbol that is transmitted 
by a carrier of the lowest frequency is used as the basis 
of differential coding. Each QPSK information symbol in 
the information symbol data region is sequentially sub- 
jected to differential coding along the frequency axis as 
indicated by arrows. This transmission system is advan- 
tageous where variations in a channel with frequency 
are small. 

[0089] Other differential coding methods are possible. 
That is, the arrangement of QPSK information symbols 
and the direction of differential coding may vary accord- 
ing to the characteristics of transmission channels. 
[0090] FIG. 8 is a block diagram of an OFDM trans- 
mitter adapted to such a system for transmitting QPSK 
information symbols by differential coding. In this figure, 
like reference numerals are used to denote correspond- 
ing parts to those in the transmitter of FIG. 3 and detailed 
description thereof will be omitted. 
[0091] Between the multiplexer 11 and the IFFT 14 is 
placed a differential coder 42 which is preceded by a 
memory 41 . The memory 41 stores temporarily multi- 
plexed symbol data output from the multiplexer 11 for 
subsequent differential coding. The differential coder 42 
differentially codes QPSK information symbols in the 
multiplexed symbol data read from the memory 41 along 
the time axis or the frequency axis with a reference sym- 
bol or symbols used as the basis of differential coding. 
[0092] By using such a transmitter, each QPSK infor- 
mation symbol arranged in the information symbol data 
region of a frame is sequentially transmitted in the dif- 
ferentially coded form. In a receiver for receiving such 
a transmission frame, therefore, a differential detector 
can be used to demodulate the QPSK information sym- 



bols. This will also permit a simple type of receiver to be 
implemented which is designed to receive only the 
QPSK information symbols. 

5 [Third Embodiment] 

[0093] The third embodiment is intended to imple- 
ment a simple type of receiver for receiving only QPSK 
information symbols by differentially coding the QPSK 

10 information symbols in transmitting hierarchically relat- 
ed data or independent data through multi-valued QAM 
information symbols and the QPSK information sym- 
bols. 

[0094] FIG. 9 is a block diagram of a receiver which 

15 is adapted for an OFDM transmission system according 
to the third embodiment. In this figure, like reference nu- 
merals are used to denote corresponding parts to those 
in the receiver of FIG. 4 and detailed description thereof 
will be omitted. 

20 [0095] In this receiver, symbol data, i.e., complex da- 
ta, output from the FFT 24 is stored temporarily in a 
memory 51 and then entered into a differential detector 
52. In this detector, differential detection is performed 
on the QPSK information symbols in the symbol data 

25 stored in the memory 51 by using the current symbol 
and the preceding one in the order of differential coding. 
The symbol data output of the differential detector 52 is 
applied to the demultiplexer 35 where only the demod- 
ulated QPSK information symbols are selectively out- 

30 put. 

[0096] By causing the multi-valued QAM information 
symbols and the QPSK information symbols to carry in- 
dependent data and differentially encoding the QPSK 
information symbols for transmission in this manner, a 
35 simple type of receiver can be constructed which de- 
modulates only the differentially coded QPSK informa- 
tion symbols by differential detection. This type of re- 
ceiver would be a pager by way of example. 



[0097] According to the fourth embodiment, in an 
OFDM receiver, a regenerative carrier frequency control 
signal is produced on the basis of the result of detection 
of variations in phase of QPSK information symbols and 
the frequency control signal is fed back to a quadrature 
detector, thereby permitting variable control of the re- 
generative carrier frequency. 

[0098] FIG. 1 0 is a block diagram of an OFDM receiv- 
er according to the fourth embodiment. In this figure, like 
reference numerals are used to denote corresponding 
parts to those in the receiver of FIG. 4 and detailed de- 
scription thereof will be omitted. 
[0099] In FIG. 10, phase variations detected by a 
QPSK symbol error detector 61 are entered into an av- 
eraging circuit 62 where averages are taken. An output 
signal of the averaging circuit 62 is added in an adder 
63 to a frequency error signal from the AFC circuit 25, 



40 [Fourth Embodiment] 
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thereby producing a frequency control signal. The fre- 
quency control signal is applied to the control terminal 
of a local oscillator of the quadrature detector 23. Thus, 
the regenerative carrier frequency will be controlled not 
only by frequency error information produced by the 
AFC circuit 25 but also by variations in phase of QPSK 
information symbols. 

[0100] Here, phase variations of QPSK information 
symbols are produced not only by variations in trans- 
mission channels but also by a frequency error of the 
regenerative carrier. A change in phase due to fading is 
random but a change in phase due to a carrier frequency 
error is constant for all the carriers. Thus, by averaging 
phase error signals obtained by the QPSK symbol error 
detector 61 , an error of the regenerative carrier frequen- 
cy can be detected. By adding a signal representing the 
frequency error to an output signal of the AFC circuit 25 
and then applying to the control section of the local os- 
cillator of the quadrature detector 23, more accurate fre- 
quency synchronization of the regenerative carrier can 
be achieved. 

[Fifth Embodiment] 

[0101] According to the fifth embodiment, in the sim- 
ple type of receiver, described previously as the third 
embodiment, which receives only QPSK information 
symbols, a regenerative carrier frequency control signal 
is produced on the basis of variations in phase of de- 
modulated QPSK information symbols and then fed 
back to the quadrature detector, thereby performing var- 
iable control of the regenerative carrier frequency. 
[0102] FIG. 11 is a block diagram of an OFDM receiv- 
er according to the fifth embodiment. In this figure, like 
reference numerals are used to denote corresponding 
parts to those in the receiver of FIG. 9 and description 
thereof is omitted. 

[0103] In FIG. 11, the output of the differential detector 

branches to afrequency error detector 71 , which detects 
a change in phase with time using QPSK information 
symbols demodulated by differential detection. The out- 
puts of the frequency error detector 71 are averaged by 
an averaging circuit 72. An output signal of the averag- 
ing circuit 73 is added to the output of the AFC circuit 
25 in an adder 73 whose output is coupled to the quad- 
rature detector 23. 

[0104] In the receiver thus arranged, variations in fre- 
quency of the regenerative carrier are detected by var- 
iations in phase of the QPSK information symbols and 
then the frequency of the regenerative carrier is correct- 
ed accordingly. Thus, accurate frequency synchroniza- 
tion of the regenerative carrier can be achieved. 

[Other Embodiments] 

[01 05] The OFDM transmission system of the present 

invention can be embodied in the following ways. 

[01 06] FIGS. 1 2 through 1 6 show transmission frame 



formats of the respective embodiments. 
[0107] First, the system shown in FIG. 12 is identical 
to the first embodiment shown in FIG. 2 in carrier fre- 
quency assignment for QPSK Information symbols, but 

5 the QPSK information symbols are staggered along the 
time axis. According to this system, although the 
number of QPSK information symbols per time slot is 
reduced, they are transmitted in all the time slots. Thus, 
variations in transmission channels can be detected ef- 

10 fectively when they are small in frequency relation but 
great in time relation. 

[0108] Next, the system of FIG. 13 is identical to the 
first embodiment of FIG. 2 in time slot assignment for 
QPSK information symbols, but the QPSK information 

15 symbols are staggered in frequency. According to this 
system, although the number of QPSK information sym- 
bols per frequency slot is reduced, the symbols are 
transmitted in all the frequency slots. Thus, variations in 
transmission channels can be detected effectively when 

20 they are small in time but great in frequency. 

[0109] Depending on the transmission path charac- 
teristics, combined use may be made of the system 
shown in FIG. 12 in which QPSK information symbols 
are transmitted in all the time slots and the system 

25 shown in FIG. 13 in which QPSK information symbols 
are transmitted in all the frequency slots. 
[0110] The system shown in FIG. 14 is substantially 
the same as the first embodiment in that QPSK informa- 
tion symbols are equally spaced in time and frequency 

30 but differs in that QPSK information symbols of given 
frequencies are transmitted continuously in time. 
[0111] The use of this system to transmit a frame al- 
lows the receiver to detect changes in the QPSK infor- 
mation symbols with time at given carriers continuously 

35 and correctly. Thus, it becomes possible to detect vari- 
ations in transmission channel characteristics more cor- 
rectly than the first embodiment. If there is a regenera- 
tive carrier frequency error in the receiver, then a phase 
rotation will occur in demodulated outputs when varia- 

40 tions of a given carrier are viewed with respect to time. 
Thus, the continuous transmission of QPSK information 
symbols in given frequency slots as shown in FIG. 14 
permits the regenerative carrier frequency error to be 
detected more accurately than the first embodiment. 

45 [0112] The system shown in FIG. 15 is distinct from 
the system of FIG. 13 in that PQSK symbols at given 
carriers are transmitted continuously in time. As with the 
system described in connection with FIG. 14, this sys- 
tem also permits the regenerative carrier frequency er- 

50 ror to be detected more accurately. 

[01 13] Finally, the system shown in FIG. 1 6 is distinct 
from the system of FIG. 12 in that PQSK information 
symbols at given carriers are transmitted continuously 
in time. As with the system described in connection with 

55 FIG. 13, this system also permits the regenerative car- 
rier frequency error to be detected more accurately. 
[0114] The invention is not limited to the above-de- 
scribed embodiments. For example, although the em- 
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bodiments were described as using QPSK information 
symbols and multi-valued QAM information symbols as 
information symbols, the QPSK symbols may be re- 
placed with other PSK symbols such as 8PSK symbols, 
1 6PSK symbols, or the like, depending on transmission 
channel conditions. In addition, the multi-valued QAM 
information symbols may be replaced with information 
symbols based on another modulation method or multi- 
ple modulation methods. 

[0115] The numbers of time slots and frequency slots 
in one transmission frame and the arrangement of the 
transmitter and receiver may be modified in still other 
ways without departing the scope of the present inven- 
tion. 

[0116] As described above, in the OFDM transmis- 
sion system of the invention, at the transmitting end, a 
transmission frame is constructed and transmitted such 
that a plurality of slots are arranged two-dimensionally 
in time and frequency, reference symbols are inserted 
into predetermined slots in the transmission frame, and 
a plurality of information symbols modulated by multiple 
digital modulation methods including at least the PSK 
modulation method are inserted into the other slots in a 
predetermined positional relationship depending on the 
digital modulation methods, and at the receiving end, 
variations in amplitude and phase of a received signal 
are detected on the basis of the PSK symbols in the re- 
ceived transmission frame to correct the reference sym- 
bols in the transmission frame and the information sym- 
bols are demodulated on the basis of the corrected ref- 
erence symbols. 

[01 1 7] According to the invention, therefore, orthogo- 
nal frequency division multiplexing transmission sys- 
tems suitable for mobile communication systems and 
transmitters and receivers for use with the systems 
which permit multi-valued modulated symbols to be de- 
modulated surely even in fading environments and the 
amount of transmit reference data to be reduced to 
thereby improve the data transmission efficiency. 



Claims 

1. An orthogonal frequency division multiplexing 
transmission system for radio transmission of infor- 
mation from a transmitter to a receiver using orthog- 
onal frequency division multiplexing modulation 
characterized in that 

said transmitter (1 01 -1 03) for transmitting in- 
formation is arranged such that a transmission 
frame is configured in which a plurality of slots are 
arranged two-dimensionally along time and fre- 
quency axes, reference symbols are inserted into 
predetermined restricted slots in said transmission 
frame, and PSK information symbols subjected to 
at least PSK modulation and information symbols 
subjected to digital modulation other than said PSK 
modulation are inserted into the other slots in a se- 



lected positional relation with respect to each other, 
and 

said receiver (1 1 1 -1 1 6) for receiving the infor- 
mation is arranged such that variations in amplitude 

5 and phase of a received signal are detected from 

said PSK information symbols in said transmission 
frame, said reference symbols in said transmission 
frame are corrected on the basis of detected varia- 
tions in amplitude and phase of said received sig- 

10 nal, and said information symbols received are de- 
modulated on the basis of the corrected reference 
symbols. 

2. The system according to claim 1 , characterized in 
15 that said transmitter is adapted to insert said PSK 
information symbols into slots of said transmission 
frame that are equally spaced in time and frequen- 
cy. 

20 3. The system according to claim 1 , characterized in 
that said transmitter is adapted to insert said PSK 
information symbols into slots of said transmission 
frame that are equally spaced along the time axis 
but are varied with time along the frequency axis. 

25 

4. The system according to claim 1 , characterized in 
that said transmitter is adapted to insert said PSK 
information symbols into slots of said transmission 
frame which are equally spaced in frequency but 

30 are varied with frequency along the time axis. 

5. The system according to any one of claims 1 to 4, 
characterized in that said transmitter is adapted 
to transmit said PSK information symbols in a pre- 

35 determined frequency slot in said transmission 
frame continuously in time. 

6. The system according to any one of claims 1 to 4, 
characterized in that said transmitter is adapted 

40 to differentially code said PSK information symbols 
with said reference symbols used as the basis of 
differential coding. 

7. A transmitter for use with an orthogonal frequency 
45 division multiplexing transmission system for radio 

transmission of information from a transmitter to a 
receiver using orthogonal frequency division multi- 
plexing modulation, comprising: 

50 multiplexing means (11) for multiplexing refer- 

ence symbols, PSK information symbols sub- 
jected to at least PSK modulation, and informa- 
tion symbols subjected to digital modulation 
other than said PSK modulation by configuring 

55 a transmission frame such that a plurality of 

slots are two-dimensionally arranged along 
time and frequency axes, said reference sym- 
bols are inserted into predetermined restricted 
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slots in said transmission frame, and said PSK 
information symbols and said information sym- 
bols are inserted into the other slots of said 
transmission frame in a predetermined posi- 
tional relation with respect to each other; 5 
orthogonal frequency division multiplexing 
modulation means (14) for orthogonal frequen- 
cy division multiplexing modulating said trans- 
mission frame configured by said multiplexing 
means; and io 
transmitting means (1 5-1 8) for orthogonal mod- 
ulating output signals of said orthogonal fre- 
quency division multiplexing modulation means 
for transmission. 

15 

8. The transmitter according to claim 7, characterized 
in further including differential coding means (41 , 

42) between said multiplexing means (1 1 ) and said 
orthogonal frequency division multiplexing modula- 
tion means (14) for differential coding said PSK in- 20 
formation symbols in said transmission frame con- 
figured by said multiplexing means. 

9. A receiver, for use with an orthogonal frequency di- 
vision multiplexing transmission system for radio 25 
transmission of information from a transmitter to a 
receiver by orthogonal frequency division multiplex- 
ing modulation using multiple carriers, comprising: 

receiving means (21 , 22, 23) for receiving and so 
orthogonal demodulating an orthogonal fre- 
quency division multiplexing modulated signal 
to recover an orthogonal demodulated signal, 
said orthogonal frequency division multiplexing 
modulated signal including a transmission 35 
frame in which a plurality of slots are two-di- 
mensionally arranged along time and frequen- 
cy axes, reference symbols are inserted into 
predetermined restricted slots, and PSK infor- 
mation symbols subjected to at least PSK mod- 40 
ulation and information symbols subjected to 
other digital modulation that said PSK modula- 
tion are inserted into the other slots in a prede- 
termined positional relation with respect to 
each other; 45 
orthogonal frequency division multiplexing de- 
modulation means (24) for orthogonal frequen- 
cy division multiplexing demodulating said or- 
thogonal demodulated signal from said receiv- 
ing means to obtain a demodulated signal; 50 
equalizing means (27, 31) for equalizing the 
amplitude and phase of each symbol in said de- 
modulated signal from said orthogonal frequen- 
cy division multiplexing demodulation means; 
error detecting means (28, 29) for detecting 55 
amplitude errors and phase errors of said mul- 
tiple carriers from said reference symbols in 
said demodulated signal output from said or- 
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thogonal frequency division multiplexing de- 
modulation means; 

variation detecting means (32, 33) for detecting 
variations in amplitude and phase of a received 
signal from said PSK information symbols in 
said demodulated signal equalized by said 
equalizing means; and 

correcting information producing means (30) 
for producing correcting information from said 
amplitude errors and phase errors of said mul- 
tiple carriers detected by said error detecting 
means and said variations in amplitude and 
phase of said received signal detected by said 
variation detecting means, 
said equalizing means (31 ) being responsive to 
said correcting information from said correcting 
information producing means to correct the am- 
plitude and phase of said symbols in said de- 
modulated signal output from said orthogonal 
frequency division multiplexing demodulation 
means. 

10. The receiver according to claim 9, characterized 
in that said variation detecting means (32, 33) in- 
cludes amplitude and phase variation detecting 
means (32) for detecting variations in amplitude and 
phase of a received signal from said PSK informa- 
tion symbols in said demodulated signal output from 
said equalizing means (31), and interpolation 
means (33) for seeking variations in amplitude and 
phase for information symbols other than said PSK 
information symbols by interpolation on the basis of 
outputs of said amplitude and phase variation de- 
tecting means (32). 

11. The receiver according to any one of claims 9 and 
1 0, characterized by further comprising frequency 
control means (62) for averaging phase variations 
detected by said variation detecting means to pro- 
duce a frequency control signal and supplying it to 
said receiving means to thereby control the fre- 
quency of a regenerative carrier. 

12. A receiver for use with a transmission system for 
orthogonal frequency division multiplexing modu- 
lating a transmission frame in which a plurality of 
PSK information symbols are inserted intermittently 
into an information symbol inserted region and said 
PSK information symbols are subjected to differen- 
tial coding for radio transmission from a transmitter 
to a receiver characterized by comprising: 

receiving means (21 , 22, 23) for receiving and 
orthogonal demodulating an orthogonal fre- 
quency division multiplexing modulated signal; 
orthogonal frequency division multiplexing de- 
modulation means (24) for orthogonal frequen- 
cy division multiplexing demodulating an or- 
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thogonal demodulated signal from said receiv- 
ing means; and 

delayed detection means (51 , 52) for demodu- 
lating PSK symbols in a demodulated signal 

from said orthogonal frequency division multi- 
plexing demodulation means by delayed detec- 
tion. 

13. The receiver according to claim 12, characterized 

by further comprising frequency variation detecting 
means (71) for detecting variations in frequency of 
a received signal from said PSK information sym- 
bols demodulated by said delayed detection 
means, and frequency control means (72, 73) for 
averaging frequency variations detected by said 
frequency variation detecting means to produce a 
frequency control signal and supplying it to said re- 
ceiving means to control the frequency of a regen- 
erative carrier. 



Patentanspruche 

1. OFDM-Ubertragungssystem zur Funkubertragung 
von Information von einem Sender zu einem Emp- 
fanger mit OFDM-Modulation, dadurch gekenn- 
zeichnet, dass 

der Sender (1 01 -1 03) zum Ubertragen von In- 
formation angeordnet ist, sodass ein Ubertragungs- 
frame konfiguriert ist, bei dem eine Mehrzahl von 
Schlitzen zweidimensionai entlang Zeit- und Fre- 
quenzachsen angeordnet ist, wobei Bezugssymbo- 
le in vorbestimmte beschrankte Schlitze in dem 
Ubertragungsframe eingefugt sind, und PSK-lnfor- 
mationssymbole, die mindestens einer PSK-Modu- 
lation unterzogen wurden, und Informationssymbo- 
le, die einer von der PSK-Modulation unterschied- 
lichen digitalen Modulation unterzogen wurden, in 
die anderen Schlitze in einer ausgewahlten Positi- 
onsbeziehung mit Bezug zueinander eingefugt 
sind, und 

der Empfanger (111-116) zum Empfangen der 
Information angeordnet ist, sodass Variationen in 
der Amplitude und Phase eines empfangenen Si- 
gnals von den PSK-lnformationssymbolen in dem 
Ubertragungsframe erfasst werden, wobei die Be- 
zugzsymbole in dem Ubertragungsframe auf der 
Grundlage von erfassten Variationen in der Ampli- 
tude und Phase des empfangenen Signals korri- 
giert und die empfangenen Informationssymbole 
auf der Grundlage der korrigierten Bezugssymbole 
demoduliert werden. 

2. System gemaB Anspruch 1, dadurch gekenn- 
zeichnet, dass der Sender angepasst ist, urn die 
PSK-lnformationssymbole in Schlitze des Ubertra- 
gungsframes einzufugen, die in Zeit und Frequenz 
gleichmaBig beabstandet sind. 



3. System gemaB Anspruch 1 , dadurch gekenn- 
zeichnet, dass der Sender angepasst ist, um die 
PSK-lnformationssymbole in Schlitze des Ubertra- 
gungsframes einzufugen, die gleichmaBig entlang 

5 der Zeitachse beabstandet sind, jedoch uber die 

Zeit entlang der Frequenzachse variiert werden. 

4. System gemaB Anspruch 1, dadurch gekenn- 
zeichnet, dass der Sender angepasst ist, um die 

10 PSK-lnformationssymbole in Schlitze des Ubertra- 
gungsframes einzufugen, die gleichmaBig in der 
Frequenz beabstandet sind, jedoch uber die Fre- 
quenz entlang der Zeitachse variiert werden. 

15 5. System gemaB einem der Anspruche 1 bis 4, da- 
durch gekennzeichnet, dass der Sender ange- 
passt ist, um die PSK-lnformationssymbole in ei- 
nem vorbestimmten Frequenzsschlitz in dem Uber- 
tragungsframe kontinuierlich in der Zeit zu ubertra- 

20 gen. 

6. System gemaB einem der Anspruche 1 bis 4, da- 
durch gekennzeichnet, dass der Sender ange- 
passt ist, um die PSK-lnformationssymbole diffe- 
rs rentiell zu codieren, wobei die Bezugssymbole als 

Grundlage der Differentialcodierung verwendet 
werden. 

7. Sender fur ein OFDM-Ubertragungssystem zur 
30 Funkubertragung von Information von einem Sen- 
der zu einem Empfanger mit OFDM-Modulation, 
umfassend: 

ein Multiplexmittel (11) zum Multiplexen von 

35 Bezugssymbolen, PSK-lnformationssymbo- 

len, die mindestens einer PSK-Modulation un- 
terzogen wurden, und Informationssymbolen, 
die einer von der PSK-Modulation unterschied- 
lichen digitalen Modulation unterzogen wur- 

40 den, durch Konfigurieren eines Ubertragungs- 

frames, sodass eine Mehrzahl von Schlitzen 
zweidimensionai entlang Zeit- und Frequenz- 
achsen angeordnet ist, wobei die Bezugssym- 
bole in vorbestimmte beschrankte Schlitze in 

45 dem Ubertragungsframe eingefugt sind, und 

die PSK-lnformationssymbole und die Informa- 
tionssymbole in die anderen Schlitzen des 
Ubertragungsframes in einer vorbestimmten 
Positionsbeziehung mit Bezug zueinander ein- 

50 gefugt sind; 

ein OFDM-Modulationsmittel (14) zum OF- 
DM-Modulieren des durch das Multiplexmittel 
konfigurierten Ubertragungsframes; und 
ein Ubertragungsmittel (1 5-1 8) zum orthogona- 

55 len Modulieren von Ausgangssignalen des OF- 

DM-Modulationsmittels zur Ubertragung. 

8. Sender gemaB Anspruch 7, gekennzeichnet fer- 
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ner durch ein Differentialcodiermittel (41, 42) zwi- 
schen dem Multiplexmittel (11 ) und dem OFDM-Mo- 
dulationsmittel (14) zum differentiellen Codieren 
der PSK-lnformationssymbole in dem durch das 
Multiplexmittel konfigurierten Ubertragungsframe. 5 

9. Empfanger fur ein OFDM-Ubertragungssystem zur 
Funkubertragung von Informationen von einem 
Sender zu einem Empfanger durch OFDM-Modula- 
tion mittels mehrerer Trager, umfassend: io 

ein Empfangsmittel (21 , 22, 23) zum Empfan- 
gen und orthogonalen Demodulieren eines OF- 
DM-modulierten Signals, um ein orthogonales 
demoduliertes Signal wiederherzustellen, wo- 15 
bei das OFDM-modulierte Signal ein Ubertra- 
gungsframe aufweist, bei dem eine Mehrzahl 
von Schlitzen zweidimensional entlang Zeit- 
und Frequenzachsen angeordnet ist, Bezugs- 
symbole in vorbestimmte beschrankte Schlitze 20 
eingefugt sind und PSK-lnformationssymbole, 
die mindestens einer PSK-Modulation unterzo- 
gen wurden, und Informationssymbole, die ei- 
ner anderen digitalen Modulation als der 
PSK-Modulation unterzogen wurden, in die an- 25 
deren Schlitze in einer vorbestimmten Positi- 
onsbeziehung mit Bezug zueinander eingefugt 
sind; 

ein OFDM-Demodulationsmittel (24) zum OF- 
DM-Demodulieren des orthogonalen demodu- 30 
lierten Signals von dem Empfangsmittel, um 
ein demoduliertes Signal zu erhalten; 
ein Entzerrungsmittel (27, 31) zum Entzerren 
der Amplitude und Phase jedes Symbols in 
dem demodulierten Signal von dem OFDM-De- 35 
modulationsmittel; 

ein Fehlererfassungsmittel (28, 29) zum Erfas- 
sen von Amplitudenfehlern und Phasenfehlern 
der mehreren Trager aus den Bezugssymbolen 
in dem demodulierten Signal, das von dem OF- 40 
DM-Demodulationsmittel ausgegeben wird; 
ein Variationserfassungsmittel (32, 33) zum Er- 
fassen von Variationen in Amplitude und Phase 
eines empfangenen Signals aus den PSK-lnfor- 
mationssymbolen in dem durch das von dem 45 
Entzerrungsmittel entzerrten demodulierten Si- 
gnal; und 

ein Korrekturinformationserzeugungsmittel 
(30) zum Erzeugen von Korrekturinformation 
aus den Amplitudenfehlern und Phasenfehlern 50 
der mehreren Trager, die durch das Fehlerer- 
fassungsmittel erfasst werden, und den Varia- 
tionen in der Amplitude und Phasen des emp- 
fangenen Signals, die durch das Variationser- 
fassungsmittel erfasst werden, 55 

wobei das Entzerrungsmittel (31 ) von der Kor- 
rekturinformation von dem Korrekturlnformations- 



erzeugungsmittel abhangt, um die Amplitude und 
Phase der Symbole in dem demodulierten Signal 
zu korrigieren, das von dem OFDM-Demodulations- 
mittel ausgegeben wird. 

10. Empfanger gema3 Anspruch 9, dadurch gekenn- 
zeichnet, dass das Variationserfassungsmittel (32, 
33) ein Amplituden- und Phasenvariationserfas- 
sungsmittel (32) zum Erfassen von Variationen in 
der Amplitude und Phase eines empfangenen Si- 
gnals aus dem PSK-lnformationssymbolen in dem 
demodulierten Signal, das von dem Entzerrungs- 
mittel (31 ) ausgegeben wird, und ein Interpolations- 
mittel (33) zum Suchen von Variationen in der Am- 
plitude und Phase fur von den PSK-lnformations- 
symbolen unterschiedlichen Informationssymbole 
durch Interpolation auf der Grundlage der Ausgabe 
des Amplituden- und Phasenvariationserfassungs- 
mittels (32) aufweist. 

1 1 . Empfanger gemaB einem der Anspruche 9 und 1 0, 
ferner gekennzeichnet durch ein Frequenzssteu- 

ermittel (62) zur Mittelwertbildung von Phasenva- 
riationen, die durch das Variationserfassungsmittel 
erfasst werden, um ein Frequenzssteuersignal zu 
erzeugen und es an das Empfangsmittel zu liefern, 
und dadurch die Frequenz eines regenerativen 
Tragers zu steuern. 

12. Empfanger fur ein Ubertragungssystem zur OF- 
DM-Modulation eines Ubertragungsframes, bei 
dem eine Mehrzahl von PSK-lnformationssymbo- 
len abwechseind in eine Informationssymboleinge- 
fugte Region eingefugt sind und die PSK-lnformati- 
onssymbole einer Differentialcodierung zur Funk- 
ubertragung von einem Sender zu einem Empfan- 
ger unterzogen werden, gekennzeichnet durch: 

ein Empfangsmittel (21, 22, 23) zum Empfan- 
gen und orthogonalen Demodulieren eines OF- 
DM-modulierten Signals; 
ein OFDM-Demodulationsmittel (24) zum OF- 
DM-Demodulieren eines orthogonalen demo- 
dulierten Signals aus dem Empfangsmittel; und 
ein verzogertes Erfassungsmittel (51, 52) zum 
Demodulieren von PSK-Symbolen in einem de- 
modulierten Signal aus den OFDM-Demodula- 
tionsmittel durch verzogerte Erfassung. 

13. Empfanger gemaB Anspruch 12, ferner gekenn- 
zeichnet durch ein Frequenzvariationserfas- 

sungsmittel (71) zur Erfassung von Variationen in 
der Frequenz eines empfangenen Signals aus den 
PSK-lnformationssymbolen, die durch das verzo- 
gerte Erfassungsmittel demoduliert werden, und 
ein Frequenzsteuermittel (72, 73) zur Mittelwertbil- 
dung von Frequenzvariationen, die durch das Fre- 
quenzvariationserfassungsmittel erfasst werden. 
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um ein Frequenzsteuersignal zu erzeugen und es 
an das Empfangsmittel zu liefern, um die Frequenz 
eines regenerativen Tragers zu steuern. 



Revendications 

1 . Systeme de transmission a multiplexage par repar- 
tition de frequences orthogonales pour une emis- 
sion radio d'une information d'un emetteur a un re- 
cepteur en utilisant une modulation de multiplexage 
par repartition de frequences orthogonales, carac- 
terise en ce que 

ledit emetteur (101 - 103) servant a emettre 
une information est agence de telle sorte qu'une fra- 
me d'emission est configuree, frame dans laquelle 
une pluralite de creneaux sont disposes de fagon 
bidimensionnelie le long de I'axe des temps et de 
I'axe des frequences, des symboles de reference 
sont inseres dans des creneaux limites predetermi- 
nes dans ladite frame d'emission et des symboles 
d'information PSK soumis a au moins une modula- 
tion PSK et des symboles d'information soumis a 
une modulation numerique autre que ladite modu- 
lation PSK sont inseres dans les autres creneaux 
dans une relation de position selectionnee les uns 
par rapport aux autres, et 

ledit recepteur (111 - 116) servant a recevoir 
I'information est agence de telle sorte que des va- 
riations de Tamplitude et de la phase d'un signal re- 
Qu sont detectees a partir desdits symboles d'infor- 
mation PSK dans ladite frame d'emission, lesdits 
symboles de reference dans ladite frame d'emis- 
sion sont corriges sur la base de variations detec- 
tees de I'amplitude et de la phase dudit signal regu, 
lesdits symboles d'information regus sont demodu- 
les sur la base des symboles de reference corriges. 

2. Systeme selon la revendication 1 , caracterise en 
ce que ledit emetteur est adapte pour inserer les- 
dits symboles d'information PSK dans des cre- 
neaux de ladite frame d'emission, qui sont egale- 
ment espaces dans le temps et du point de vue des 
frequences. 

3. Systeme selon la revendication 1 , caracterise en 

ce que ledit emetteur est adapte pour inserer les- 
dits symboles d'information PSK dans des cre- 
neaux de ladite frame d'emission, qui sont egale- 
ment espaces le long de I'axe des temps, mais sont 
modifies dans le temps le long de I'axe des frequen- 
ces. 

4. Systeme selon la revendication 1 , caracterise en 
ce que ledit emetteur est adapte de maniere a in- 
serer lesdits symboles d'information PSK dans des 

creneaux de ladite trame d'emission, qui sont ega- 
lement espaces du point de vue frequence, mais 



sont modifies avec la frequence le long de I'axe des 
temps. 

5. Systeme selon I'une quelconque des revendica- 
5 tions 1 a 4, caracterise en ce que ledit emetteur 

est adapte pour emettre continCiment dans le temps 
lesdits symboles d'information PSK dans un cre- 
neau predetermine de frequences dans ladite tra- 
me d'emission. 

10 

6. Systeme selon I'une quelconque de revendications 
1 a 4, caracterise en ce que ledit emetteur est 

adapte pour coder de fagon differentielle lesdits 
symboles d'information PSK avec lesdits symboles 



15 de reference utilises en tant que base du codage 
differentiel. 

7. Emetteur destine a etre utilise avec un systeme 
d'emission a multiplexage par repartition de fre- 
20 quences orthogonales pour une emission radio 



d'une information depuis un emetteur vers un re- 
cepteur en utilisant une modulation de multiplexage 
par repartition des frequences orthogonales, com- 
prenant: 

25 

des moyens de multiplexage (11) pour multi- 
plexer des symboles de reference, des symbo- 
les d'information PSK soumis a au moins une 
modulation PSK et des symboles d'information 

30 soumis a une modulation numerique autre que 

ladite modulation PSK par configuration d'une 
trame d'emission de telle sorte qu'une pluralite 
de creneaux sont disposes de fagon bidimen- 
sionnelie le long de I'axe des temps et de I'axe 

35 des frequences, lesdits symboles de reference 

sont inseres dans des creneaux limites prede- 
termines dans ladite trame de frequence 
d'emission, et lesdits symboles d'information 
PSK et lesdits symboles d'information sont in- 

40 seres dans les autres creneaux de ladite trame 

d'emission dans une relation de position prede- 
terminee les uns par rapport aux autres; 
des moyens (14) de modulation a multiplexage 
par repartition de frequences orthogonales 

45 pour moduler selon un multiplexage par repar- 

tition de frequences orthogonales, ladite trame 
d'emission configuree par lesdits moyens de 
multiplexage; et 

des moyens d'emission (15-18) pour moduler 
50 des signaux de sortie desdits moyens de mo- 

dulation a multiplexage par repartition de fre- 
quences orthogonales pour remission. 

8. Emetteur selon la revendication 7, caracterise en 
55 ce qu'il comprend en outre des moyens de codage 
differentiel (41, 42) entre lesdits moyens de multi- 
plexage (11) et lesdits moyens (14) de modulation 
a multiplexage par repartition de frequences ortho- 
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gonales, pour realiser le codage differentiel desdits 
symboles d'information PSK dans ladite trame 
d'emission configuree par lesdits moyens de multi- 
plexage. 

5 

9. Recepteur destine a etre utilise dans un systeme 
d'emission a multiplexage par repartition de fre- 
quences ortliogonales pour une emission radio d'in- 
formation d'un emetteur a un recepteur au moyen 
d'une modulation a multiplexage par repartition de io 
frequences orthogonales, utilisantde multiples por- 
teuses, comprenant: 

des moyens de reception (21 , 22, 23) pour re- 
cevoir et demoduler orthogonalement la recep- 15 
tion et la demodulation orthogonale d'un signal 
module a multiplexage par repartition de fre- 
quences orthogonales pour recuperer un signal 
demodule par demodulation orthogonale, ledit 
signal module a multiplexage par repartition 20 
dans le temps a frequences orthogonales com- 
prenant une trame d'emission, dans laquelle la 
pluralite de creneaux sont disposes de fagon 
bidimensionnelle sur I'axe des temps et sur 
I'axe des frequences, des symboles de referen- 25 
ce sont inseres dans des creneaux limites pre- 
determines et des symboles d'information PSK 
soumis a au moins une modulation PSK et des 
symboles d'information soumis a une modula- 
tion numerique autre que ladite modulation 30 
PSK sont inseres dans d'autres creneaux dans 
une relation de position predeterminee les uns 
par rapport aux autres; 

des moyens (24) de demodulation a multiplexa- 
ge par repartition de frequences orthogonales 35 
pour la demodulation a multiplexage par repar- 
tition de frequences orthogonales, dudit signal 
demodule de fagon orthogonale delivres par 
lesdits moyens de reception pour I'obtention 
d'un signal demodule; 40 
des moyens d'egalisation (27, 31) pouregaliser 
I'amplitude et la phase de chaque symbole 
dans ledit signal demodule delivre par lesdits 
moyens de demodulation a multiplexage par 
repartition de frequences orthogonales; 45 
des moyens de detection d'erreurs (28, 29) 
pour detecter des erreurs d'amplitude et des er- 
reurs de phase desdites porteuses multiples a 
partir desdits symboles de reference dans ledit 
signal demodule delivre par lesdits moyens de 50 
demodulation a multiplexage par repartition de 
frequences orthogonales; 
des moyens (32, 33) de detection de variations 
pour detecter des variations de I'amplitude et 
de la phase d'un signal regu a partir desdits 55 
symboles d'information PSK dans ledit signal 
demodule, egalises par lesdits moyens d'ega- 
lisation; et 



des moyens (30) de production d'information 
de correction pour produire une information de 
correction a partir desdites erreurs d'amplitude 
et desdites erreurs de phase desdites porteu- 
ses multiples detectees par lesdits moyens de 
detecteur d'erreurs et lesdites variations d'am- 
plitude etde phase dudit signal regu detecte par 
lesdits moyens de detection de variation, 
lesdits moyens d'egalisation (31 ) etant aptes a 
repondre a ladite information de correction a 
partir desdits moyens de production d'informa- 
tion de correction pourcorriger I'amplitude et la 
phase desdits symboles dans ledit signal de- 
module delivre par lesdits moyens de demodu- 
lation a multiplexage par repartition de frequen- 
ces orthogonales. 

10. Recepteur selon la revendication 9, caracterise en 
ce que lesdits moyens (32, 33) de detection de va- 
riations incluent des moyens (32) de detection de 
variations d'amplitude et de phase pour detecter 
des variations de I'amplitude et de la phase d'un si- 
gnal regu a partir desdits symboles d'information 
PSK dans ledit signal demodule delivre par lesdits 
moyens d'egalisation (31), et des moyens d'inter- 
polation (33) pour rechercher des variations d'am- 
plitude et de phase pour des symboles d'informa- 
tion autres que lesdits symboles d'information PSK, 
par interpolation sur la base des signaux de sortie 
desdits moyens (32) de detection de variations de 
I'amplitude et de la phase. 

11. Recepteur selon I'une quelconque des revendica- 
tions 9 et 10, caracterise en ce qu'il comporte en 
outre des moyens (62) de commande de frequence 
pour former la moyen de variations de phase detec- 
tees par lesdits moyens de detection de variation 
pour produire un signal de commande de frequence 
et I'envoyer auxdits moyens de reception pour com- 
mander de ce fait la frequence d'une porteuse re- 
generative. 

12. Recepteur destine a etre utilise avec un systeme 
d'emission pour moduler par multiplexage par re- 
partition de frequences orthogonales, une trame 
d'emission, dans laquelle une pluralite de symboles 
d'information PSK sont inseres de fagon intermit- 
tente dans une region d'insertion de symboles d'in- 
formation, et lesdits symboles d'information PSK 
sont soumis a un codage differentiel pour remission 
radio depuis un emetteur en direction d'un recep- 
teur, caracterise en ce qu'il comprend: 

des moyens de reception (21 , 22, 23) pour re- 
cevoir et realiser une demodulation orthogona- 
le d'un signal module par multiplexage par re- 
partition de frequences orthogonales; 
des moyens (24) de demodulation a multiplexa- 
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ge par repartition de frequences ortliogonales 
pour la demodulation avec multiplexage avec 
repartition de frequences orthogonales d'un si- 
gnal demodule de fagon orthogonale fourni par 
lesdits moyen de reception; et 5 
des moyens de detection retardes (51 , 52) pour 
demoduler des symboles PSK dans un signal 
demodule fourni par lesdits moyens de demo- 
dulation a multiplexage par repartition de fre- 
quences orthogonales, a I'aide d'une detection io 
retardee. 

13. Recepteur selon la revendication 12, caracterise 
en ce qu'il comprend en outre des moyens (71 ) de 
detection de variations de frequences pour detecter 15 
des variations de la frequence d'un signal regu a 
partir desdits symboles d'information PSK modules 
par lesdits moyens de detection retardee, et des 
moyens (72, 73) de commande de frequence pour 
former la moyenne de variations de frequence de- 20 
tectees par lesdits moyens de detection de variation 
de frequence pour produire un signal de commande 
de frequence et I'envoyer auxdits moyens de recep- 
tion pour commander la frequence d'une porteuse 
regenerative. 25 
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